NMR and CD spectroscopy show that imino acid restriction of the unfolded state leads to efficient folding.
Protein folding is determined by molecular features in the unfolded state, as well as the native folded structure. In the unfolded state, imino acids both restrict conformational space and present cis-trans isomerization barriers to folding. Because of its high proline and hydroxyproline content, the collagen triple-helix offers an opportunity to characterize the impact of imino acids on the unfolded state and folding kinetics. Here, NMR and CD spectroscopy are used to characterize the role of imino acids in a triple-helical peptide, T1-892, which contains an 18-residue sequence from type I collagen and a C-terminal (Gly-Pro-Hyp)(4) domain. The replacement of Pro or Hyp by an Ala in the (Gly-Pro-Hyp)(4) region significantly decreases the folding rate at low but not high concentrations, consistent with less efficient nucleation. To understand the molecular basis of the decreased folding rate, changes in the unfolded as well as the folded states of the peptides were characterized. While the trimer states of the peptides are all similar, NMR dynamics studies show monomers with all trans (Gly-Pro-Hyp)(4) are less flexible than monomers containing Pro --> Ala or Hyp --> Ala substitutions. Nucleation requires all trans bonds in the (Gly-Pro-Hyp)(4) domain and the constrained monomer state of the all trans nucleation domain in T1-892 increases its competency to initiate triple-helix formation and illustrates the impact of the unfolded state on folding kinetics.